1.1 If p is a pressure, V a velocity, and p a fluid density, 
what are the dimensions (in the MLT system) of (a) p/p, 
(b) pVp, and (c) p/pV^? 


mu! ro? 
(a) L3 


jy 
P m | Aq i734 ——— 


2,73... 
(L) pVp= far r3) (i07) (me) = ML T 


~/ -2 
Bo: AMT > M'(L^T^ (dimensionless ) 


(C) aes ES 
PV? (pt) (LT)? 


https://gioumeh.com/product/brief-introduction-to-fluid-mechanics-solution/ 


———————R—————— Kp ppep—RRÓ—————— r—; — = a an -— =. 


{.2 Verify the dimensions, in both the FLT system and the 
MLT system, of the following quantities which appear in Table 
1.1: (a) acceleration, (b) stress, (c) moment of a force, (d) vol- 
ume, and (e) work. 


(2) acceleration = 


velouty . L . TA 
Time T? 


(L) Stress = force Z To 
ara L 


Since F=MLT, 
-2 
stress = ha = MLUFOU 


CC) moment of a force = force x distance = FL 


aLr?) L > Apr? 


(A) volume = (lengtn ) "3 L? 


ll 


force X dislance = FL 


(4LT UL 2 yL? r? 


(e) work 
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1.3 If P is a force and x a length, what are | 
the dimensions (in the FLT system) of (a) dP/ 
dx, (b) d^P/dx', and (c) fP dx? 


/. 7 1.4 Dimensionless combinations of quan- 
tities (commonly called dimensionless parame- 
ters) play an important role in fluid mechanics. 
Make up five possible dimensionless parameters 
by using combinations of some of the quantities 
listed in Table 1.1. 


Some possible. examples: 
acceleration x time E (L 7r) " LT’ 
velocity |» — (Lr) ` 


(T^r) = T°? 


Uu. 


Frequency x time 


2. 
—(vehocdu) (LT) i / o T° 
length x acceleration (LICL a, 


ll. 


force x Z/me FXT) P LENT) E peer? 
momentum ~ ALT!) (FTIT 


density x velocity x length E (t Lr" NL) = MTS 
dynamic viscosity MLT 
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1.5 A formula for estimating the volume rate of flow, where C is a constant, g the acceleration of gravity, B the 


spillway width, H the depth of water passing over the spill- | 


Q, over the spillway of a dam is | 
—^ way, and V the velocity of water just upstream of the dam. i 
Q = CV2g B(H + V'I2g) Would this equation be valid in any system of unis? Explain. | 


oQ-cWgy 8 (H+ He)" EN 
D]: (lieder) taa EY 
iste fe] {ve p^r (tas ^ — 

(tT )e[ew][é v7 


Since each term In The 2 uation must have The 
Same climensioas The Constant CVI must be 
dimension less. Thus, The eguation is & general — 
homogeneous 0p tation thet would be vahad im 
any consistent set of units. Yes. 


7 


1.6 The pressure difference, Ap, across a partial block- — where V is the blood velocity, u the blood viscosity (FL *T), i 
age in an artery (called a stenosis) is approximated by the p the blood density (ML ?), D the artery diameter, Ag the | 
equation | area of the unobstructed artery, and A, the area of the steno- 

sis. Determine the dimensions of the constants K, and K,. 


p V Ao Would this equation be valid in any system of units? | 


2 
= K,—+K,-1) pv? 


Ap ky I + ku wt] pV" u l 
jer?) = fk CEE kl ~] Hg 
fec] = [k| FC] + [Ku] [F>] 


Since € ACA term must have the same dimensions, 

K, and K, are dimensionless. Thus, the equation 
(Sa general homogeneous €4 uation that would be 
valid (n ang Consistent system of units. Ves. 


I- y 
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[."] According to information found in an old hydraulics 
book, the energy loss per unit weight of fluid flowing through 
| a nozzle connected to a hose can be estimated by the formula 


h = (0.04 to 0.00(D/d)' V^ /2g 


where A 1s the energy loss per unit weight, D the hose diameter, 
d the nozzle tip diameter, V the fluid velocity in the hose, and 
g the acceleration of gravity. Do you think this equation is valid 
in any system of units? Explain. 


A= (0.0% h 0.09) (2) 4 


fE] [oos sos] [SEE] [EE] 
ÍL | = EX to 0.09) [L | 


Since each term in The eguation must have the 
Sane dimensions, the constant Ferm (0.04% 350.04) must 
be di rnenstonless . Thus The CF uation S aA General 


horn o geneous €f uation That s Valid jn any system 
of ants. Yes. 


jos 
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1.9 Make use of Table 1.2 to express the 
following quantities in SI units: (a) 10.2 in./min, 
(b) 4.81 slugs, (c) 3.02 Ib, (d) 73.1 ft/s’, (e) 0.0234 
lb-s/ft?. 


(a) (0,2 Z, = (oz in: (aswxio Z) 43. 


= 422 X JD o em = 432 0 


(5) 4.81 slugs = (4 s slugs ) (1457 x10 E ) - 70,2 k4 


() 3.02 lb = (Aoz h )( «ve X) = jaw 


| ap Z. 
e) 73.1% = (731%) (ovre s+ )= 223 Z 
| s^ A——————— 
/b-s /5- S | A^ 5 
(€) 0,0234 = (0. 0234 “=, ) (4 T8PXID ms 
| ft> ( ^t | ( /b.s 
N ig 
- eS 
S LIR “m 
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L10 1.10 Make use of Table 1.3 to express the 
following quantities in BG units: (a) 14.2 km, 
(b) 8.14 N/m’, (c) 1.61 kg/m, (d) 0.0320 N-m/s, 
(e) 5.67 mm/hr. 


(A) 142 km = (/4 2 x40 s) ( 3281 Lag Fe 4 4 x 10° tt 


n 
(b) 8/4 A = (8, If = M) (A 3L6 x [07 Fes £8 ) = 518x10" A, 
“N. ee E 


m 3 


-3 Shu E 
e) Le) #8 = (Lt 4, ) (f 940 x10 fé ) 2/2xJD slugs 
me Ao ro RE 


mp? 
Nem S+. b 
(d) 0.0320 ZT = (o oazo 7 ) (1.376x0 T) 
Mam 
S 
= 23bx10 = i Ib 


3600 5 


ce) gap MH = (suis? 22) (2281) (e) 


-4 
= 5,/7 x10 d 


/-7 
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1.11 Clouds can weigh thousands of pounds due to their 
liquid water content. Often this content is measured in grams 
per cubic meter (g/m^). Assume that a cumulus cloud occupies 
a volume of one cubic kilometer, and its liquid water content 
is 0.2 g/m°. (a) What is the volume of this cloud in cubic miles? 
(b) How much does the water in the cloud weigh in pounds? 


(a) Vo lume = :/ lem)” 10" rm * 
| Since [m = ES ti i E d ow d 
Ys lume e (om IE 261 Fm ny ee eee : i E se 


(E280 x 103 A) 


0. 240 mi” 


eg 


| 


(4) QU = Xx Yolume NE As Ls 
r= Pg “(025 POOE e). E =, 
ER = (1.462 xii? TE E» T i 
ol fi x ip afa 248 x0” x)= DUET Ma 


3 
EH 
n 
! 


https://gioumeh.com/product/brief-introduction-to-fluid-mechanics-solution/ 


SZ 
1.]1Z An important dimensionless parameter the Froude number using SI units for V, g, and 
in certain types of fluid flow problems is the Froude (. Explain the significance of the results of these 
number defined as V/V gf, where V is a velocity, calculations. 


g the acceleration of gravity, and £a length. De- 
termine the value of the Froude number for V = 
10 ft/s, g = 32.2 ft/s’, and l = 2 ft. Recalculate 


Lh BG anits , 
lo F 2 {25 


Vo ox 
1^ G22 t (2t) 


In SL units: 
V= (io £t \ (0.304? ms 3.05 Z 


g= 431 FB 
Q = (2 £4) (0.3048 22)« OblOm 


Tft 
VvV- - 3, os F 
[23 (481 % )(0.c10m) 


The Va lde of a. dimensionless parameter 1S 
(hide pendent of the unit sg adem. 


= 7 25 
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1.13 The specific weight of a certain liquid is 85.5 lb/ft. 
Determine its density and specific gravity. 


Pr y _ 65.3 pt 2 65 slugs 
= oa m 3 
$ 322 ft 
s+ 
Slugs 
56 A "olt. PET. 
m f e 4?C slugs O = 
“ee A f4. re 
1.14 A hydrometer is used to measure the specific grav- 


ity of liquids. (See Video V2.6.) For a certain liquid a hy- 
drometer reading indicates a specific gravity of 1.15. What 
is the liquid’s density and specific weight? Express your an- 
swer in SI units. 


5G = 
CP ES 
/ooo E 
m 3 


fs (1.15)C1000 “3 ) = (150 —, 


/ 


[oO 
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1.16 When poured into a graduated cylinder, a liquid is 
found to weigh 6 N when occupying a volume of 500 ml 
(milliliters), Determine its specific weight, density, and spe- 


cific gravity. 
GN 
= / A, O aa 
444) 


weight - 
volume (0.5002) (LEE 


3 N 
/ 4. O x [0 m2 =/ 22x10 Fé 


Ü o. 
= — 7 3 
BE LL ue 
3 A 
| P | 422 x10 ZE TT 
"79er | me OS 
hy D md 
|-[1l 
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*1.17 The variation in the density of water, p, with tem- 
perature, 7, in the range of 20°C = T = 60°C, is given in 
the following table. 


Density (kg/m?) | 998.2 | 997.1 | 995.7 | 994.1 | 992.2 | 990.2 | 098.1 
Temperature (°C) | 20 25 30 35 40 45 50 

Use these data to determine an empirical equation of the form 
p = c, + cT  c4T?, which can be used to predict the density 


over the range indicated. Compare the predicted values with 
the data given. What is the density of water at 42.1 °C? 


Fit the data to a Second order polynomial 
using 4 standard Curve-ftitting program such 
QS Sound In EXCEL. TH tts , 


A= (ee = O.0532 T ~ 0.00%) T7 (1) 


As Shown in The table below , m (predic ted ) 
trom Eg. (1) IS 4A 900d Agreement with A (given). 


T, °C p, kg/m^3 p, Predicted 


20 998.2 998.3 

25 997.1 997.1 

30 995.7 995.7 

35 994.1 994.1 

40 992.2 992.3 

45 990.2 990.3 

50 988.1 988.1 

Adi Ts #24 °° 4 

g 


diu 


/|-/2. 


m? 


2 
joo) - 0.0533 (421*€) - 0.0041 zi'e) = TELS 
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1.19 Some experiments are being conducted in a labo- 
ratory in which the air temperature is 27 °C and the atmo- 
spheric pressure is 14.3 psia. Determine the density of the 
air. Express your answers in slugs/ft’ and in kg/m’. 


fezoRT 

Temperature = 
[n.* 

OŁ. = Ie Ee ) 

|. RT 


27°C = [4.2 (21) - 22^ ] ^F = $0.b °F 


slugs 
= 0200222 — 
ft? 


slugs "P 
pz(0. 00222 —— zs ME [54 rend 


/-/3 
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1.20 A closed tank having a volume of 2 ft? is filled with 
0.30 Ib of a gas. A pressure gage attached to the tank reads 12 
psi when the gas temperature is 80 ^F. There is some question 
as to whether the gas in the tank is oxygen or helium. Which 
do you think it is? Explain how you arrived at your answer. 


L B weight - 48905. 
Density ef Gas in tank p= dial (3224 )( 4e 


3 slugs 
tbe x /D s 


Since ie w Th p= (i2 v 147) pore 


RT 
( atmosphenc pressure assumed Fo be Z 147 psia ) 
and with T= (AF +4bo)°R t Allows that 
Ib 

_ (26.7 8, ) m) 7./2 slugs (1) 
e VN & dti 
From Table ^46 R= | 55% x 07 for 247177, 
Gnu R= [242X107 TE Ft: l for helium 


SUG : lug - °R 
from gl 1) £ The GaS Is OXygtn 
= 7.12 Slugs " ALRPBXMTO sluas 
f ~ A559 413 AF fza 


And for he wa 


a zs 


A Com eníts of These Values bo Th The actual dens ty 
of tne 445 ià The tank imadscates That The 


Gas Mast be OLKYgen . 


jeu 
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1.22 A rigid tank contains air at a pressure of 90 psia 
and a temperature of 60 °F. By how much will the pressure 
increase as the temperature is increased to 110 ^F? | | | 
p= PRT MEM Caan 
For a rigid Closed tank The air mass and 
Volume Are tons tant Jo id constant. Th us, 
trem Ej. 17 (wita R constant) ae ad 
WI. fe | 0) /— 
T. ^ —. B" REEL 
where p= fopsia, T,= Lo'F 4 po = | 322^K, 
qud = 0 Feo = 5770 R. From £9.01) 
| NE fF aL kd J | 
p= = $ ro: (f peta) = gp LES 
E, 


1.23 Determine the ratio of the dynamic viscosity of water 
to air at a temperature of 70 °C. Compare this value with the 


corresponding ratio of kinematic viscosities. Assume the air is 
at standard atmospheric pressure. 


From Table 82 in Appendiz B : 


| EX Ay, i -7 2 
(tor water at 70°C) f= 4 042 x10 ae I= ¥/3¢X10 ™ 
From lable &.4 in Appendix B: 

en air at 70°C) 


-5 2 
-5 í 
Je = 203 KID MA y-aifxlo = 
Thus, 


| -4 

Vac. | "75042 X10 4 
"n -5 

Mai A. DS K 10 


| -7 
uo - SEE. 


li 


2.1/0 xJo~ 
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